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GEOLOGY, MINING, AND METHANE CONTENT OF THE FREEPORT 
AND KITTANNING COALBEDS IN INDIANA 
AND SURROUNDING COUNTIES, PA. 
D. G. Pug l io  and A. T. lannacchione2 
ABSTRACT 
This Bureau of Mines s tudy  covers  25 underground mines t h a t  were a c t i v e  
i n  t h e  Upper and Lower Freepor t  and Lower Ki t tanning  coalbeds i n  1976. The 
c o a l  ranges from low t o  medium v o l a t i l e  i n  rank;  i t s  primary use  i s  f o r  steam 
genera t ion .  Seven mines emit more than 100,000 c fd  of methane gas;  those  
mines a r e  t h e  deepes t  and l a r g e s t  producers.  
The methane gas con ten t  of t h r e e  co re  samples of t h e  Lower K i t t ann ing  
coalbed was es t imated  by t h e  d i r e c t  method. A sample from a depth of 320 f e e t  
contained 0.5 cu cm of gas pe r  gram, a t  620 f e e t  t h e r e  was 0.8 cu cm of gas 
pe r  gram, and a t  1 ,060 f e e t  t h e r e  was 11 cu cm of gas pe r  gram. These r e s u l t s  
sugges t  t h a t  methane c o n t r o l  problems w i l l  be  encountered i n  t h e  f u t u r e  a s  
deeper  coa l  i s  mined. 
INTRODUCTION 
This r e p o r t  i s  one of  a s e r i e s  of i n v e s t i g a t i o n s  conducted by t h e  Bureau 
o f  Mines t o  r e l a t e  t h e  migra t ion  and s t o r a g e  of methane i n  coalbeds t o  geo- 
l o g i c  f a c t o r s  and t h e i r  e f f e c t  on underground mining. The i n v e s t i g a t i o n  of 
t h e  Freepor t  and Ki t tanning  coalbeds was undertaken t o  examine (1) a r e a s  where 
methane c o n t r o l  problems w i l l  be encountered during f u t u r e  mining, (2 )  o r i e n -  
t a t i o n  of s u r f a c e  j o i n t  and coa l  c l e a t  systems, (3)  r eg iona l  ex t en t  and min- 
a b i l i t y  of t h e  coalbeds,  and (4) v a r i a t i o n  i n  t h e  coa l  measure s t r a t i g r a p h y  of 
t h e  Freepor t  and Ki t tanning  Formations. 
The s tudy  a r e a  i s  contained i n  t h e  Appalachian P l a t eau  physiographic  
province and i s  s i t u a t e d  i n  p a r t s  o f  two s e c t i o n s  of t h a t  province i n  west- 
c e n t r a l  Pennsylvania--the Allegheny Mountains s e c t i o n  t o  t h e  e a s t ,  and t h e  
P i t t s b u r g h  P l a t eaus  s e c t i o n  t o  t h e  west ( f i g .  1 ) .  The 570-square-mile a r e a  
i nc ludes  a l a r g e  po r t i on  of Indiana County and sma l l e r  po r t i ons  of Westmore- 
land  and Armstrong Counties.  The a r e a  has a long commercial c o a l  mining h i s -  
t o r y ,  d a t i n g  t o  t h e  e a r l y  19 th  cen tu ry ,  and an  a c t i v e  program of  s u r f a c e  and 
underground mining and proper ty  development t h a t  r i v a l s  any comparable a r e a  i n  
IGeo log i s t ,  P i t t sbu rgh  Research Center ,  Bureau o f  Mines, P i t t s b u r g h ,  Pa. (now 
wi th  Michael Baker, J r . ,  I n c . ,  Consul t ing Engineers andSurveyors ,Beaver ,  
Pa.) .  
2 ~ e o l o g i s t ,  P i t t s b u r g h  Research Center ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 
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FIGURE 1. - Physiographic location of study area. 
t h e  Uni ted S t a t e s .  Nine 7 '  30" topograph ic  quadrang les  f u r t h e r  d i v i d e  t h e  
a r e a  ( f i g .  2 ) .  Over 800 e x p l o r a t o r y  c o r e  h o l e  l o g s  and gas  w e l l  l o g s  were 
employed i n  t h e  c o n s t r u c t i o n  of maps and c r o s s  s e c t i o n s  ( f i g .  3 ) .  
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GENERALIZED STRATIGRAPHY 
Pennsylvanian System 
The rocks exposed at 
the surface are primarily of 
FIGURE 2. - Quadrangles comprising study area. Pennsylvanian age, but 
strata of Mississippian and 
Devonian age crop out near the Chestnut Ridge anticline, particularly where 
that structure is breached by the Conemaugh River in the Bolivar quadrangle. 
Representing an interval between 1,200 and 1,600 feet in thickness, the Penn- 
sylvanian section is divided into four stratigraphic units (fig. 4)(1).3 
Monongahela Group 
Although the Monongahela section is normally 350 to 400 feet thick in its 
complete development (A), only about 200 feet of it occurs in two synclinal 
basins in the western quadrangles. The interval from the Pittsburgh coalbed 
to the Benwood Limestone is preserved in the Latrobe synclinal basin and in 
the Elders Ridge synclinal basin. The Pittsburgh coalbed has been essentially 
mined out in these basins. 
%nderlined numbers in parentheses refer to items in the list of references at 
the end of this report. 
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FIGURE 3. - Data-point base map. 
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FIGURE 4. - Generalized stratigraphic column of the Penn- FIGURE 5. - Generalized stratigraphic column of the Al le-  
sylvanian System. gheny Group. 
Conemaugh Group 
Most of t h e  s e c t i o n  exposed a t  t he  s u r f a c e  i s  of Conemaugh age. The 
Conemaugh Group, t y p i c a l l y  from 600 t o  900 f e e t  t h i c k  (s), occurs  between the  
base of t h e  P i t t s b u r g h  coalbed and t h e  top  of t h e  Upper Freepor t  coalbed. The 
complete Conemaugh s e c t i o n  i s  preserved ,  gene ra l l y ,  only where i t  i s  o v e r l a i n  
by t h e  incomplete Monongahela s ec t i on .  The coalbeds of Conemaugh age a r e  
i r r e g u l a r  i n  th ickness  and l a t e r a l  c o n t i n u i t y ,  normally high i n  a sh  and s u l f u r  
con ten t ,  and seldom t h i c k  enough t o  mine. None of  t he  Conemaugh coalbeds have 
been worked on a  l a r g e  s c a l e  i n  t h e  s tudy  a r ea .  However, two s t r i p  mines a r e  
p r e s e n t l y  working t h e  Bakerstown coalbed i n  t he  Latrobe s y n c l i n a l  ba s in  t o  t he  
southwest of t h e  s tudy  a r e a  i n  t he  Latrobe 7 '  30" quadrangle.  
Allegheny Group 
The Allegheny Group occurs  between t h e  over ly ing  Conemaugh Group and t h e  
underlying P o t t s v i l l e  Group and ranges from 250 t o  350 f e e t  i n  th ickness .  The 
upper l i m i t  of t h e  Allegheny i s  marked by the  top  of t h e  Upper Freepor t  c o a l -  
bed, and i t s  lower l i m i t  i s  def ined  by the  base  of t h e  Brookvi l le  coalbed. 
The Allegheny i s  d iv ided  i n t o  t h e  F reepor t ,  Ki t tanning ,  and Clar ion  Formations 
( f i g .  5 ) .  Each d i v i s i o n  ranges from 85 t o  115 f e e t  i n  t h i cknes s ,  bu t  v a r i a -  
t i o n s  above and below t h e s e  l i m i t s  a r e  common. The l i t h o l o g y  i s  gene ra l l y  
s h a l e  and s i l t s t o n e ,  t a b u l a r  and channel sands tone ,  c o a l ,  c l ays tone ,  and lime- 
s tone .  The s e c t i o n  con ta in s  seven, somewhat r e g i o n a l l y  p e r s i s t e n t  coalbeds 
and/or  c o a l  groups: Upper and Lower Freepor t ;  Upper, Middle, and Lower 
Ki t tanning;  Clar ion ;  and Brookvi l le  coalbeds.  Only t h e  Upper F reepor t ,  Lower 
F reepor t ,  and Lower Ki t tanning  coalbeds a r e  of economic importance i n  t h e  
s tudy a r ea .  
The complete Allegheny s e c t i o n  crops ou t  a long  t h e  f l anks  of t he  Chestnut 
Ridge a n t i c l i n e  i n  t h e  Bo l iva r ,  Ind iana ,  Brush Val ley,  and Clymer quadrangles ,  
and i n  t h e  Blackl ick  Creek and Conemaugh River  gorges i n  t h e  New Florence and 
Bo l iva r  quadrangles.  The upper members of t h e  Allegheny s e c t i o n  (from t h e  
Upper Frecpor t  t o  t h e  Lower Freepor t  coalbed horizons)  crop ou t  a long t h e  
f l a n k s  of t h e  J a c k s o n v i l l e  a n t i c l i n e  i n  t h e  McIntyre quadrangle ,  and a long  
Plum Creek and i t s  t r i b u t a r i e s ,  Roaring Run and Dutch Run, nea r  t h e  Dutch Run 
and Roaring Run a n t i c l i n e s  i n  t h e  no r the rn  p a r t  of t h e  Elder ton  and Ernes t  
quadrangles .  
P o t t s v i l l e  Group 
The P o t t s v i l l e  Group i s  o v e r l a i n  by t h e  Allegheny Group and disconform- 
a b l y  unde r l a in  by t h e  Mis s i s s ipp i an  Mauch Chunk Group. The P o t t s v i l l e  s e c t i o n  
i s  150 t o  250 f e e t  t h i c k  and i s  d iv ided  i n t o  two formations-- the Mercer and 
t h e  Connoquenessing. The coalbeds of P o t t s v i l l e  age  a r e  seldom t h i c k  enough 
t o  mine and a r e  of no economic importance i n  t he  s tudy  a r ea .  
STRUCTURAL SETTING 
Fold ing  
The s t r a t a  a r e  fo lded  i n t o  r e l a t i v e l y  open, roughly p a r a l l e l  a n t i c l i n e s  
and sync l i ne s .  Trending no r thea s t - sou thwes t ,  t h e  f o l d  axes  a r e  s epa ra t ed  by 
2 t o  5 mi les .  Flank d i p s  of  t h e  s t r u c t u r e s  normal ly  range between Ooand 15" 
A geo log i c  s t r u c t u r e  map ( f i g .  6) drawn on t h e  base  of  t h e  Lower K i t t ann ing  
coalbed shows t h a t  t h e  axes  of f i v e  s y n c l i n e s  and s i x  a n t i c l i n e s  pass  through 
t h e  a r e a .  
S t r u c t u r a l  r e l i e f  i s  more pronounced from nor thwes t  t o  sou thea s t .  I n  t h e  
E l d e r t o n  and E rnes t  quadrangles ,  t h e  s t r u c t u r e  i s  somewhat g e n t l e .  The E lde r s  
Ridge s y n c l i n e ,  p lunging t o  t h e  sou thwes t ,  becomes a more def ined  b a s i n  from 
t h e  E rnes t  quadrangle ,  where i t  i s  somewhat f l a t  and broad,  t o  t h e  nor thwes t  
c o r n e r  of  t h e  McIntyre quadrangle .  The Greensburg s y n c l i n e  and F a y e t t e  a n t i -  
c l i n e  plunge t o  t h e  southwest  from where they l o s e  t h e i r  i d e n t i t i e s  n e a r  t h e  
Conemaugh River  i n  t h e  B l a i r s v i l l e  quadrangle  t o  where they e n t e r  t h e  a r e a  a t  
t h e  sou thern  boundary of t h e  B l a i r s v i l l e  quadrangle.  The southwest-plunging 
La t robe  s y n c l i n e  i s  a deep,  t r o u g h l i k e  b a s i n  where i t  e n t e r s  t h e  a r e a  a t  t h e  
sou the rn  boundary of t h e  B l a i r s v i l l e  quadrangle;  i t  g r adua l l y  r i s e s  and f l a t -  
t e n s  ou t  t o  t h e  n o r t h e a s t  and l o s e s  i t s  i d e n t i t y  j u s t  south of t h e  town o f  
Ind iana .  
The Chestnut  Ridge a n t i c l i n e  i s  t h e  most conspicuous f l e x u r e ;  i t s  western 
l imb i s  s t e e p e r  bo th  s t r u c t u r a l l y  and topographica l ly .  The a n t i c l i n e  plunges  
nor thwes t  from where i t  e n t e r s  t h e  a r e a  i n  t h e  Bol ivar  quadrangle  t o  about  t h e  
fou r - co rne r s  a r e a  of t h e  Ind i ana ,  Brush Val ley ,  Bo l i va r ,  and New Florence  
quadrangles ,  where i t  r i s e s  t o  t h e  n o r t h e a s t  f o r  about  5 m i l e s  i n  t h e  Brush 
Val ley  quadrangle .  J u s t  sou th  of where Yellow Creek breaches  t h e  a n t i c l i n e ,  
t h e  Chestnut  Ridge a n t i c l i n e  plunges f o r  ano the r  3 m i l e s  t o  t h e  n o r t h e a s t  and 
beg ins  r i s i n g  a g a i n  a s  i t  passes  ou t  of t h e  a r e a  i n  t h e  s o u t h e a s t  co rne r  of 
t h e  Clymer quadrangle.  
Plunging t o  t h e  n o r t h e a s t  and g r adua l l y  r i s i n g  t o  t h e  sou thwes t ,  t h e  
Brush Val ley  s y n c l i n e  e n t e r s  t h e  a r e a  a long  t h e  e a s t e r n  boundary of  t h e  Brush 
Val ley  quadrangle .  I t  l o s e s  i t s  i d e n t i t y  a s  i t  r i s e s  and d i e s  ou t  a g a i n s t  t h e  
e a s t e r n  f l a n k  of  Chestnut  Ridge i n  t h e  n o r t h e a s t  co rne r  of t h e  New Florence  
quadrangle .  The southwest-plunging Nolo a n t i c l i n e  e n t e r s  t h e  a r e a  a t  t h e  
n o r t h e a s t  co rne r  of t h e  New Florence  quadrangle ,  t r e n d s  nor theas t - sou thwes t  
f o r  about  2 m i l e s ,  and then  t u r n s  due west  f o r  about  2 m i l e s  and r i s e s  and 
d i e s  o u t  nea r  Heshbon i n  t h e  n o r t h - c e n t r a l  p a r t  of t h e  New Florence  q u d -  
rang le .  The Ligonier-Barnesboro s y n c l i n e  plunges  t o  t h e  southwest  and grad-  
u a l l y  r i s e s  t o  t h e  n o r t h e a s t ;  i t  i s  a somewhat broad,  f l a t  b a s i n  where i t  
passes  through t h e  a r ea .  
Faul t ing:  
Evidence f o r  f a u l t i n g  a long  t h e  Chestnut  Ridge a n t i c l i n e  was f i r s t  
r epo r t ed  by Sha f fne r  ( 33 ) ,  who c i t e d  t h e  occurrence of  t h r e e  s e p a r a t e  f a u l t s  
o r  f a u l t  zones. A c m g e x  f a u l t  zone,  i n f e r r e d  from d a t a  t aken  from t h r e e  gas 
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FIGURE 6. - Structure map drawn on the base o f  the Lower Kit tanning coal bed. 
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wel ls  d r i l l e d  on the  western 
f lank of Chestnut Ridge i n  
the  Wilpen quadrangle (imme- 
d i a t e l y  south of the  Bolivar 
quadrangle),  occurs a t  
depths between 7,000 and 
9,000 fee t .  A t e a r  f a u l t  
(bottom of f igure  6 )  occurs 
where the  Conemaugh River 
changes course from nor th  t o  
due west about 1 mile north-  
west of Bolivar. The t h i r d  
f a u l t  zone occurs along the  
eas te rn  f lank of Chestnut 
Ridge, l e s s  than 1 mile 
southeast  of the  a x i s  of 
t h a t  s t ruc tu re .  From our 
recent  fieldwork, the  f a u l t  
zone has been extended 
approximately 1 - 1 / 2  m i l e s  t o  
the  nor theas t  from the  point  
where Shaffner o r i g i n a l l y  
terminated it.  It i s  t race-  
ab le  f o r  about 3 miles 
FIGURE 7. - Stratigraphic interval affected by str ike fault southwest through the  Bolivar quadrangle and i n t o  
zone of the east flank of Chestnut Ridge. the  Wilpen quadrangle. 
The f a u l t  zone s t r i k e s  roughly p a r a l l e l  t o  the  a x i s  of the  Chestnut Ridge 
a n t i c l i n e ,  but the  a c t u a l  displacement and d i r e c t i o n  of movement could not  be 
determined. The sec t ion  a f fec ted  by f a u l t i n g  ranges a t  l e a s t  from the  Middle 
Mississippian Loyalhanna Limestone t o  the  Upper Freeport coal  group, an i n t e r -  
v a l  of about 500 f e e t  ( f i g .  7). On the  upthrown s i d e  of the  f a u l t  zone t o  the  
northwest,  the  sec t ion  i s  e s s e n t i a l l y  f l a t  lying. On the  downthrown s i d e  of 
the  f a u l t  zone, t o  the  southeas t ,  a drag fea tu re  has a f fec ted  the  sec t ion  
between the  Loyalhanna Limestone and the  Upper Freeport  coal  group; the  u n i t s  
i n  t h i s  i n t e r v a l  d ip  SE 45" and more f o r  about 2,000 f e e t ,  where the  i n t e r v a l  
f l a t t e n s  out  and approaches horizontal .  
About 1/2 mile west of the  town of West Bolivar ,  a s t r i p  mine ( f i g .  8) 
working the  Upper Freeport coal  group on the  downthrown s i d e  of t h i s  f a u l t  
zone has uncovered near ly  v e r t i c a l  coalbed dips;  such s t eep ly  inc l ined coal-  
beds have not  been observed previously west of the  Allegheny Front i n  Pennsyl- 
vania. A sec t ion  was constructed from exposures i n  the  p i t  ( f ig .  9).  I n  a 
d is tance  of about 2,000 f e e t ,  the Upper Freeport  coal group horizon passes 
from a d ip  of 12" SE t o  85" SE a t  i ts  outcrop. Evidence f o r  three  t h r u s t  
f a u l t s  was observed on the  s t eep  d ip  slope;  t h e i r  t rends and pos i t ions  a r e  
shown on the  cross-sec t ional  diagram ( f ig .  9). Thrusting a f fec ted  a t  l e a s t  
the  Upper Freeport coal  group and the  underclay occurring below the  lowest 
coalbed of the  group. The displacement of the  u n i t s  by t h r u s t  s l ippage was 
s l i g h t  ( l e s s  than 3 f e e t ) ,  The t h r u s t  f a u l t  blocks on the  d i p  s lope  a r e  
FIGURE 8. - Photograph of str ip mine with exposure of steep dip slope. 
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FIGURE 9. - Stratigraphic section constructed from exposures in st r ip mine with d ip slope. 
probab ly  t h e  consequence of l o c a l  ad jus tment  t o  t h e  d r a g ,  which i n  t u r n  was 
t h e  consequence of  t h e  downwarping by t h e  major s t r i k e  f a u l t  a c t i v i t y .  
There was some q u e s t i o n  a s  t o  t h e  i d e n t i t y  of t h e  coa lbeds  be ing  s t r i p p e d .  
The s t r a t i g r a p h i c  p o s i t i o n  of t h r e e  u n i t s  exposed i n  t h e  s t r i p  p i t  proved t h a t  
t h e  coa lbeds  b e i n g  mined a r e  members o f  t h e  Upper F r e e p o r t  c o a l  group. A semi- 
f l i n t  c l a y  h o r i z o n ,  t h e  B o l i v a r  F i r e  Clay,  occurs  a t  abou t  1 5  f e e t  below t h e  
lower coalbed.  The p o s i t i o n  o f  t h e  t h i c k  sands tone  d i r e c t l y  above t h e  upper 
coalbed o f  t h e  group l e d  t o  i t s  i d e n t i f i c a t i o n  a s  t h e  b a s a l  Conemaugh Mahoning 
Sandstone.  F i n a l l y ,  t h e  p o s i t i o n  of  t h e  t h i n  coalbed and o v e r l y i n g  f o s s i l -  
i f e r o u s  s h a l e ,  abou t  110 f e e t  above t h e  coalbeds  be ing  s t r i p p e d ,  l e d  t o  i t s  
i d e n t i f i c a t i o n  a s  t h e  Brush Creek hor izon .  O r  more s p e c i f i c a l l y ,  a s  t h e  Brush 
Creek coalbed and o v e r l y i n g  Brush Creek marine  hor izon .  
McCulloch (22) f i r s t  r e p o r t e d  t h e  occur rence  of t h r u s t  f a u l t s  encountered 
underground i n  the Lucerne No. 6 mine ( f i g .  1 0 ) .  Working t h e  Upper F r e e p o r t  
FIG.URE 10. - Locat ion of thrust faul ts in  the Lucerne No. 6 mine. 
FIGURE 11. - Photograph.of thrust fault in  the Jane mine. 
coalbed i n  t he  southwest corner  of the  Indiana quadrangle,  f i v e  sepa ra t e  
t h r u s t  f a u l t  zones were observed a t  var ious  l o c a l i t i e s  i n  the  mine. 
Thrus t  f a u l t s  s i m i l a r  t o  those  repor ted  by McCulloch were observed i n  t he  
Lucerne No. 8 and Jane  mines. The Lucerne No. 8 mine i s  working t h e  Upper 
Freepor t  coalbed on the  western f l ank  of t he  Jacksonv i l l e  a n t i c l i n e  i n  the  
McIntyre quadrangle,  about 5  mi les  northwest of t h e  Lucerne No. 6  mine. The 
Jane mine i s  working t h e  Lower Freepor t  coalbed near  t he  Roaring Run and Dutch 
Run a n t i c l i n e s  i n  t h e  northwest  corner  of t he  Elder ton  quadrangle,  about 
10 mi les  northwest of t he  Lucerne No. 6  mine. One t h r u s t  f a u l t  ( f i g .  11) was 
observed i n  each mine. S imi l a r  i n  cha rac t e r  t o  those  descr ibed by McCulloch 
( f i g .  12 ) ,  t h e  f a u l t s  extend from the  roof through the  coalbed and te rmina te  
a t  t he  f l o o r ,  un l ike  those  t h r u s t  f a u l t s  seen i n  t h e  s t r i p  p i t  near  West 
Bol ivar .  Each f a u l t  plane contained a  1- t o  3- inch- th ick  f a u l t  gouge zone o r  
myloni te  zone. The f a u l t s  s t r i k e  gene ra l ly  p a r a l l e l  t o  t h e  t rend  of l o c a l  
s t r u c t u r e  and c u t  t h e  coalbed a t  angles  between 20" and 45". The t h r u s t  
f a u l t s  a r e  s t r u c t u r a l l y  r e l a t e d  and a r e  t he  consequence of l o c a l  s t r u c t u r a l  
adjustment t o  t h e  t e c t o n i c  fo rces  t h a t  induced r eg iona l  fo ld ing  i n  t he  Appa- 
l ach ian  P la teau .  
Surface J o i n t s  and Coal C lea t  
Surface j o i n t s  were measured from outcrop and s t r i p  mine exposures over 
t he  nine-quadrangle s tudy  area .  Coal c l e a t  surveys were conducted i n  12 mines 
working wi th in  the  l i m i t s  of t h e  s tudy a rea :  One i n  t h e  Lower Freepor t  coa l -  
bed, two i n  t h e  Upper Freepor t  coalbed, and n ine  i n  t he  Lower Ki t tanning  
coalbed. The f r a c t u r e  o r i e n t a t i o n  da t a  f o r  each quadrangle ( f i g .  13) and each 
mine ( f i g s .  14-16) were p l o t t e d  on semic i rcu lar  ro se  diagrams t o  eva lua t e  the  
p r i n c i p a l  d i r e c t i o n a l  t r ends  by the  method developed by Diamond (10). - 
Thrust fault 
\-- Mylonite (fault gouge ), I to 3 in 
\ 
\ C Disturbed roof 
FIGURE 12. - Generalized sketch of t yp ica l  thrust fau l ts  observed underground in the 
Lucerne Nos. 6 and 8 and Jane mines. 
FIGURE 13. - Rose diagrams of surface ioints for nine quadrangles. 
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S u r f a c e  J o i n t s  
An average  o f  133 j o i n t  r e a d i n g s  were t aken  from a n  a v e r a g e  of 1 3  o u t c r o p  
s t a t i o n s  p e r  quadrangle.  S i x  major  d i r e c t i o n a l  t r e n d s  occur  i n  each quad- 
r a n g l e  and correspond t o  t h r e e  fundamental  j o i n t  systems (25) .  The pr imary,  
secondary ,  and t e r t i a r y  j o i n t  sys tems f o r  each  quadrang le  a r e  l i s t e d  i n  
LEGEND 
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FIGURE 15. - Relat ionship between local structure and c leat  or ientat ion in  
the Lucerne Nos. 6, 8, and 9 mines. 
FIGURE 16. - Relat ionship between local structure and c leat  orientation 
in  the Josephine, Oneida No. 4, Florence No. 1, B lack-  
l ick,  and Conemaugh No. 1 mines. 
table 1. Systematic joint trends are generally perpendicular to structural 
trends and represent extension fractures; nonsystematic joint trends are 
generally parallel to regional structural trends and represent release 
fractures (19, 3). 
TABLE 1. - Fundamental joint systems for each 7' 30" quadrangle 
in study area 
Ernest. ............... 
Clymer ................ 
Angle of 
separation 
99" 
9 6" 
5 go 
7' 30" quadrangle 
Elderton.............. 
Indiana. .............. 
.......... Brush Valley 
Average trends of fundamental joint system 
.............. Bolivar. 
systematic1 
I. N60° W 
11. N25" W 
111. N 72" W 
Nonsystematic 
N 39" E 
N 71" E 
N 13" W 
New Florence. . . . . . . . . .  
I. Primary. 
11. Secondary. 
111. Tertiary. 
I. N62O W 
11. N 10" E 
111. N 43" W 
N 32" E 
N 80° W 
N 14" W 
9 4" 
9 0" 
29" 
Coal C lea t  
C lea t  i s  t h e  n a t u r a l  f r a c t u r e  system i n  coalbeds and i s  analogous t o  
j o i n t s  (2l). The dominant f r a c t u r e  p lane(s )  i s  r e f e r r e d  t o  a s  t h e  f ace  c l e a t ;  
t h e  secondary f r a c t u r e  p l ane ( s )  i s  r e f e r r e d  t o  a s  t h e  b u t t  c l e a t .  Normally 
occu r r ing  a t  r i g h t  ang le s  t o  each o t h e r ,  f a c e  c l e a t s  a r e  analogous t o  system- 
a t i c  rock j o i n t s ;  b u t t  c l e a t s  a r e  analogous t o  nonsystematic  rock j o i n t s  (21). 
Face c l e a t s  a r e  we l l  developed, c u t  bedding plane s t r u c t u r e ,  and extend f o r  
some d i s t a n c e  v e r t i c a l l y  and h o r i z o n t a l l y .  But t  c l e a t s  a r e  l e s s  we l l  devel-  
oped than f ace  c l e a t s ,  t e rmina te  a g a i n s t  f ace  c l e a t  p l anes ,  and vary more 
d i r e c t i o n a l l y  and i n  frequency of occurrence than f ace  c l e a t s .  Spacing of 
bo th  f a c e  and b u t t  c l e a t s  i n  t h e  f r i a b l e  Freepor t  and Ki t tanning  coalbeds i s  
t h r e e  t o  seven pe r  inch. 
C lea t  o r i e n t a t i o n  c o n t r o l s  t h e  d i r e c t i o n a l  permeabi l i ty  w i th in  coa l -  
beds ( 4 ,  - - 21) ,  which i n  t u r n  i n f luences  t h e  r a t e  of methane and water  flow i n t o  
mine workings (4 ,  0-2). By e f f e c t i v e l y  i n t e r c e p t i n g  these  flow pa ths  wi th  
e i t h e r  v e r t i c a l  o r  h o r i z o n t a l  borehole  p a t t e r n s ,  t h e  maximum dra inage  poten- 
t i a l  of t h e  u n i t  can be r ea l i zed .  De ta i l ed  f r a c t u r e  t rend  ana lyses  should be 
conducted before  a methane dra inage  program i s  i n i t i a t e d .  The fundamental 
c l e a t  systems f o r  each of t h e  mines surveyed a r e  l i s t e d  i n  t a b l e  2. The 
in-mine c l e a t  survey technique involved t ak ing  10 t o  20 c l e a t  d i r e c t i o n a l  
read ings  a t  s t a t i o n s  500 t o  1 ,000 f e e t  a p a r t .  
U.F. - Upper Freeport .  I .  Secondary. 
L. F. - Lower Freeport .  I Te r t i a ry .  
TABLE 2. - Fundamental c l e a t  systems f o r  each mine surveyed 
Mine 
M. Y ..................... 
Penn H i l l . .  .............. 
Chestnut  Ridge. .......... 
Dixon Run No. 3. ......... 
Josephine. ............... 
Florence No. 1.. ......... 
Blackl ick . .  .............. 
Conemaugh No. 1 .......... 
Oneida No. 4.. ........... 
Lucerne No. 6 . .  .......... 
Lucerne No. 8 ............ 
Lucerne No. 9. ........... 
IL. K. - Lower Kit tanning.  
coalbedl  
L*K *.*.. 
L.K.. ... 
L. K.. ... 
L. K. .... 
L. K. .... 
L.K.. ... 
L.K.. ... 
L.K ..... 
L.K.. ... 
U.F.. ... 
U.F ..... 
L.F.. ... 
a I. 
Angle of 
s e p a r a t i o n  
9 7" 
89" 
101" 
9 1" 
83" 
83" 
7 7" 
82" 
10 6" 
44" 
7 7" 
9 5" 
104" 
93" 
9 8" 
100" 
Average t rends  of fundamental 
c l e a t  
 ace' 
I. N 5 7 "  W 
I. N 54" W 
I. N 5 4 " W  
I N52"  W 
I. N52"  W 
I. N 4 0 ° W  
11. N 8 " W  
N 60" W 
1. N 42" W 
N 4 " E ,  
I. N 5 8 "  W 
I N 26" W 
1 .  N 6" W 
I. N 59" W 
1 .  N 47" W 
N 33O W 
I. N 55" W 
I. N 50" W 
I. N 5 4 "  W 
Primary. 
systems 
But t  
N40°  E 
N 35" E 
N 4 7 " E  
N39"  E 
N31°  E 
N 4 3 " E  
N 8 5 " W  
N 40" E 
N 4 8 "  E 
N 18" E 
N 83" W 
N 36" E 
N 57" E 
N 38" E 
N 48" E 
N 4 6 "  E 
Face and b u t t  c l e a t  t r e n d s  i n  t h e  M. Y . ,  Penn H i l l ,  Chestnut  Ridge,  and 
Dixon Run No. 3  mines ( f i g .  1 4 ) ,  working t h e  Lower K i t t a n n i n g  coalbed on t h e  
wes te rn  f l a n k  of t h e  Chestnut  Ridge a n t i c l i n e ,  e x h i b i t  an e x c e l l e n t  s t r u c t u r a l  
con t ro l .  I n  proximity  t o  t h e  fou r  mines,  t h e  a x i s  of t h e  Chestnut  Ridge a n t i -  
c l i n e  t r e n d s  N 35" E. Face c l e a t  t r e n d s  f o r  t h e  four  mines average  N 54" W ,  
n e a r l y  pe rpend i cu l a r  t o  t h e  a x i s  of Chestnut Ridge--the a n g l e  of s e p a r a t i o n  
be ing  89". The average  b u t t  c l e a t  t r e n d  f o r  t h e  fou r  mines i s  N 40" E, 
roughly p a r a l l e l  t o  t h e  N 35" E- t rend ing  Chestnut  Ridge a n t i c l i n e .  
Face and b u t t  c l e a t  t r e n d s  i n  t h e  Lucerne Nos. 6  and 8  mines,  working t h e  
Upper F r eepo r t  coalbed,  and t h e  Lucerne No. 9  mine, working t h e  Lower F reepo r t  
coa lbed ,  a l s o  e x h i b i t  an  e x c e l l e n t  s t r u c t u r a l  c o n t r o l  ( f i g .  15).  The Lucerne 
No. 6  mine i s  working on t h e  wes te rn  f l a n k  of t h e  Latrobe sync l i ne ;  t h e  a x i a l  
t r e n d  of t h a t  s t r u c t u r e  i n  proximity  t o  t h e  k i n e  i s  N 35" E. Face c l e a t  
t r e n d s  average  N 55" W ,  p e rpend i cu l a r  t o  t h e  t r end  of  t h e  s y n c l i n a l  a x i s ;  b u t t  
c l e a t  t r ends  average  N 38" E, roughly p a r a l l e l  t o  t h e  a x i s  of t h e  sync l i ne .  
The a x i a l  t r end  of  t h e  J a c k s o n v i l l e  a n t i c l i n e  i n  p rox imi ty  t o  t h e  Lucerne 
Nos. 8  and 9  mines i s  N 35" E. Face c l e a t  t r e n d s  i n  t h e  Lucerne No. 8  mine 
ave rage  N 50" W ,  roughly perpendicu la r  t o  t h e  a x i s  of  t h a t  s t r u c t u r e - - t h e  
a n g l e  of s e p a r a t i o n  be ing  85"; b u t t  c l e a t  t r ends  from t h e  mine average  
N 48" E, roughly p a r a l l e l  t o  t h e  a n t i c l i n e  a x i s .  Face c l e a t  t r e n d s  i n  t h e  
Lucerne No. 9  mine average  N 54" W ,  n e a r l y  pe rpend i cu l a r  t o  t h e  a x i a l  t r end  of 
t h e  a n t i c l i n e - - t h e  a n g l e  of s e p a r a t i o n  be ing  89";  b u t t  c l e a t  t r e n d s  average  
N 46" E, roughly p a r a l l e l  t o  t h e  a x i a l  t r e n d  of  t h e  a n t i c l i n e .  
Complex c l e a t i n g  occurs  i n  t h e  Lower K i t t ann ing  coalbed i n  t h e  New F l o r -  
ence quadrangle  ( f i g .  16).  Face and b u t t  c l e a t  t r ends  i n  t h e  Josephine  mine, 
working t h e  Lower K i t t ann ing  coalbed on t h e  western f l a n k  of  t h e  Chestnut  
Ridge a n t i c l i n e ,  a r e  r a t h e r  s t r a i g h t f o r w a r d  and e x h i b i t  a  s t r u c t u r a l  c o n t r o l  
much l i k e  t h a t  seen i n  t h e  seven mines j u s t  descr ibed .  The presence  of t h r e e  
s t r u c t u r a l  anomalies i n  t h e  New Florence  quadrangle  has  induced t h e  develop- 
ment of primary and secondary fundamental c l e a t  systems i n  t h e  Lower 
K i t t ann ing  coalbed;  a  t e r t i a r y  fundamental c l e a t  system was recorded i n  t h e  
Conemaugh No. 1 mine. The t h r e e  anomalies t h a t  a f f e c t  t h e  d i r e c t i o n a l  t r ends  
of  f a c e  and b u t t  c l e a t s  i n  t h e  Lower K i t t ann ing  coalbed a r e  (1) t h e  l o s s  of 
i d e n t i t y  of t h e  Brush Val ley s y n c l i n e  and Nolo a n t i c l i n e ,  ( 2 )  t h e  t u r n i n g  due 
wes t  of t he  a x i s  o f  t h e  Nolo a n t i c l i n e ,  and (3)  l o c a l  changes i n  t h e  t r e n d s  of 
t h e  s t r u c t u r e s  pa s s ing  through t h e  quadrangle.  The d e f l e c t i o n  o f  t h e  a x i s  of 
t h e  Nolo a n t i c l i n e  i s  r e f l e c t e d  i n  c l e a t  t r e n d s  i n  t h e  Robinson No. 1 and 
Conemaugh No. 1 mines,  b u t  "normal" t r ends  f o r  f a c e  and b u t t  c l e a t s  a r e  a l s o  
recorded i n  t h e s e  mines. 
I n c l i n e d  c l e a t  p lanes  were observed i n  t h e  Oneida No. 4  mine, where p r i -  
mary and secondary fundamental c l e a t  systems were recorded. The i n c l i n e d  
f r a c t u r e s  d i p  a t  a n  average  of 55" t o  t h e  coalbed and s t r i k e  between due n o r t h  
t o  N 65" E. The observed shea r  p lanes  had a  l e n g t h  no g r e a t e r  t han  5  inches .  
The e r r a t i c  occur rence  of  t h e  s h e a r s  d i d  n o t  pe rmi t  a  q u a n t i t a t i v e  t r e n d  
a n a l y s i s  throughout  t h e  mine, The i r  o r i g i n  i s  r e l a t e d  t o  t h e  anomalous 
behav ior  of  t h e  s t r u c t u r a l  t r ends  i n  t h e  quadrangle.  
M I N I N G  
Stratigraphy of Freeport and Kittanning Formations 
All deep and strip mining is presently conducted in members of the Free- 
port and Kittanning Formations of the Allegheny Group (fig. 17). Ferm (14-15) -
and Williams (41-42) - showed that the lithology of the Allegheny section repre- 
sents deposition in a deltaic environment, where a somewhat low rate of detri- 
tal sediment influx permitted the establishment of vast swamp marsh complexes. 
The complexity of the depositional environment in the delta complex explains 
the extreme local and regional lithologic gradations that characterize the 
section. A generalized panel diagram of the Freeport and Kittanning Formation 
was constructed (fig. 18) to determine regional trends of coalbed development. 
Lower Mahoning Sandstone 
Upper Freeport coalbed (E) 
Upper Freeport Limestone 
Bolivar Fire Clay 
Butler Sandstone 
Lower Freeport coal bed (D l  
Lower Freeport Limestone 
Freeport Sandstone 
Upper Kittanning coalbed (c') 
Johnstown Limestone 
Upper Worthington Sandstone 
Middle Kittanning coal group (C) 
Lower Worthington 
Lower Kittanning "rider" 
coalbed (6') 
Lower Kittanning coalbed (8 )  
rlon 
FlGU RE 17. - General ii:ed strat igraphic column 
of the Freeport and K i t tann ing  Formations. 
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FIGURE 18. - Panel diagram o f  Freeport and 
Ki t tanning Formations over study area. 
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The i n t e r v a l  from the  Upper Freepor t  coalbed t o  the Lower Kit tanning 
coalbed ranges from 180 t o  220 f e e t  and averages about 200 f e e t .  The Upper 
Freepor t  coalbed ranges from 0 t o  more than  56 inches t h i c k  ( f i g .  19) and can 
be unde r l a in  by e i t h e r  a c l ays tone ,  l imestone (Upper F r e e p o r t ) ,  o r  s h a l e  
f a c i e s .  The Upper and Lower Freepor t  coalbeds a r e  separa ted  by 40 t o  70 f e e t  
of s h a l e ,  s i l t s t o n e ,  and/or sandstone. The Lower Freepor t  coalbed ranges from 
0 t o  more than  56 inches t h i c k  ( f i g .  20) and i s  normally under la in  by a c lay-  
s tone  o r  s h a l e  f a c i e s  . When developed, the  Lower Freepor t  Limes tone occurs 
from 15 t o  20 f e e t  below t h e  coalbed and i s  5 t o  15 f e e t  t h i c k .  
Lying 40 t o  80 f e e t  below t h e  Lower Freepor t  coa lbed ,  the  Upper K i t t an -  
n ing  coalbed normally occurs  
a s  one bench of c o a l  bu t  
can be s p l i t  i n t o  a s  many a s  
t h r e e  benches . Although t h e  
t o t a l  coa l  th ickness  of t he  Upper 
Ki t tanning  horizon i s  u sua l ly  
no g r e a t e r  than 28 inches ,  
i t  i s  r eg iona l ly  p e r s i s t e n t .  
The Middle Kit tanning horizon 
occurs from 30 t o  50 f e e t  below 
the  Upper Ki t tanning  and i s  usu- 
a l l y  represented  by two o r  t h r e e  
benches of coa l .  The Middle 
Ki t tanning  i s  t he  l e a s t  p e r s i s t -  
e n t  member of t he  Freepor t  and 
Ki t tanning  c o a l  groups and i s  
u sua l ly  no more than 28 inches 
th i ck .  The Lower Kit tanning 
" r ider"  coalbed i s  l o c a l l y  devel-  
oped i n  the  New Florence quad- 
rangle  and occurs 10 t o  20 f e e t  
be low the  Middle K i  t t ann ing  
horizon and up t o  30 f e e t  above 
t h e  Lower Kit tanning.  The r i d e r  
ranges from 14 t o  42 inches 
t h i c k  when present .  The Lower 
Kit tanning coalbed i s  probably 
the  mos t r eg iona l ly  pers  i s  t e n t  
of the  Allegheny coa lbeds ,  
ranging from 0 t o  more than  
72 inches t h i c k  ( f i g .  21) and 
LEGEND normally averaging 36 t o  48 
N o c o a l  m 2 9 t o 4 2 i n  inches th i ck .  It c a n b e  l o c a l l y  
0 5 
0 t o  14in 4 3  5 6  in s p l i t  i n t o  two o r  more benches 
Scale,miles and i s  almost always under la in  
B l 5 t 0 2 8 i n  ~ 5 6 i n  by a claystone. 
(0 LK-Outcrop Lower 
Kittanning The sandstone f a c i e s  i n  t he  
FIGURE 21. - Lower Kittanning coalbed isopach. s e c t i o n  occur a s  e i t h e r  t a b u l a r  o r  lens-shaped bodies .  The t a b u l a r  
morphology represents deposition by frequently shifting distributary channels 
and/or beach or barrier bar deposition. The lens-shaped morphology represents 
deposition in distributary channels, common in the deltaic environment. Rep- 
resented regionally by a long, narrow, meandering morphology, the horizon 
grades laterally to less coarse levee or overbank deposits of shale and/or 
siltstone. Because rapid abandonment of distributary channels is common, 
so-called "shale channels" can also be developed in the section. The "shale 
channels" represent infilling by less coarse sediment after abandonment, in 
somewhat quiescent, standing water. When channeling activity is penecontem- 
poraneous with peat deposition, the channel can erode the unconsolidated vege- 
tal deposit and disrupt the continuity of the peat body. Nonpenecontempora- 
neous channeling, after burial and semilithification of the peat deposit, can 
also erode the section and disrupt coalbed continuity. 
Local and regional variations in coalbed thickness have influenced mine 
planning and development in each of the economically important coalbeds. 
Variations in coalbed thickness are the consequence of three controls exerted 
by the deltaic environment: The peat may have been compacted differentially; 
LEGEND 
Coal mines 
I. Virginian No. 2 0  
2. Virginian No. 14 
3. Caldwell No. 2 
4. Vinton and Colliers No. 17 
5. Vinton and Colliers No. 16 
6. Virginian No. 15 
7. E and S Coal Company 
8. Caldwell No. 1 
9. Oneida No. 4 (active 1 
10. Thermal No. 15 
11. Heutzel 
12. Mardis Run 
N Amerford 
14. Brush Valley 
15. Blacklick (active) 
16 Conemaugh No. 1 (active) 
17. Conemaugh No. 1 (abandoned works) 
18. Diamond No. 1 
19. Val ley No. 2 
20. Florence No. 1 (active) 
21. Garfield No. 2 
"Want" zone 0 (coal thickness 0 - 2 4  in) 
_ --- Outcrop a 
(Lower Kittanning coalbed) 
0 12,000 
Scale, f t  
Study areb 
FIGURE 22. - A r e a  a f f e c t e d  b y  d i s t r i b u t a r y  c h a n n e l  s y s t e m  in t h e  N e w  F l o r e n c e  q u a d r a n g l e .  
the peat may have been deposited on an undulating, irregular paleotopography; 
and/or the coal may have been eroded by distributary channeling activity 
either during or after deposition (27). Each exerts some influence on the 
final thickness of all coalbeds. The coalbed isopachs (figs. 19-21) show that 
regional variations in thickness are the norm for the economic coalbeds of the 
Allegheny Group. Profitable development in those coalbeds has occurred in 
"pods," where coal thickness is consistently greater than 28 inches over 
large tracts. 
Distributary Channel System in the Lower Kittanning Horizon 
A distributary channel system disrupts the continuity of the Lower 
Kittanning horizon in the New Florence quadrangle (figs. 22-23). The somewhat 
drastic changes in coal thickness and poor roof conditions associated with the 
system have affected mine planning and development and coal production. The 
mains connecting the Blacklick and Florence No. 1 mines were driven through 
parts of the low-coal or "want" zone, and the mains connecting the old and new 
works of the Conemaugh No. 1 mine were also driven through a section of the 
"want" zone (fig. 22). Figure 22 shows how the morphology of the channel sys- 
tem has affected active and abandoned mine development. The occurrence of the 
distributary channel system has no doubt resulted in the expenditure of large 
sums of money to drive through the low coal zones, which in turn results in 
decreased production per 
I man-hour, additional 
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0 
H 1 to 12 in 
12 to 24  in 
f 3 2 4 t o 3 6 i n  
3 6  to 48 in 
4 8  to 6 0  in 
6 0  to 72 in 
> 7 2 i n  
€Hi Key Mop 
FIGURE 23. - Detailed Lower Kittanning coalbed isopach 
over New Florence quadrangle. 
expenses for roof control, 
and abandonment of active 
sections. 
Three features charac- 
terize the channel system: 
1. Coal thickness 
ranges from 0 to 72 inches 
laterally through the width 
of the system, which is 
about 0.25 to 0.5 mile; pods 
of abnormally thick coal 
occur along the flanks of 
the channel. These pods 
were formed during flooding 
events that piled up peat 
along the banks of the 
channel. 
2. The channel system 
facies is laterally grada- 
tional from flank to flank; 
the lithology passes from 
"normal" lagoonal or back 
bay shales to coarser 
overbank deposits to the 
ERNEST 
LEGEND 
Coal mines 
/. Jan? 
2 Emtlte 
1 Copper Valley 
4 Urling No. I 
5. Urling No.2 
6 Urling No.3 
7. Manor No.8 
12. Marion 
/3 Josephine 
/4 Florence No.2 
I5 Florence No. I 
Upper Freeport 
[2;3 Lower Freeport 
Lower Klttann~ng 
0 1 2 3  
coarse infilled sands and 
silts of the channel. 
3. The regional mor- 
phology of the system is 
manifested by a somewhat 
linear system of at least 
two converging channels--the 
most pronounced trending 
roughly north-south and the 
other trending roughly east- 
west, and both converging 
near the lower center of the 
quadrangle. 
Mining and Production 
Twenty-five underground 
mines (fig. 24) were active 
in the Upper Freeport, Lower 
Freeport, and Lower Kittan- 
ning coalbeds in 1976. Ten 
FIGURE 24. - Active underground mines i n  study area. mines were working the Upper 
Freeport coalbed, six were 
working the c owe; Freeport 
coalbed, and nine were working the Lower Kittanning coalbed (table 3). Total 
production from the mines in 1976 was more than 8 million short tons, roubhly 
3 percent of the total underground production for the United States in 1976, 
and 20 percent of the total underground production for Pennsylvania in 1976. 
Twenty-two of the mines employ continuous mining systems with room-and-pillar 
development for coal extraction. Three mines--Jane, Lucerne No. 6, and Black- 
lick--employ longwall mining sections along with continuous development for 
coal extraction. Various retreat mining techniques had been practiced in the 
now-abandoned sections of the oldest properties in the area. 
TABLE 3. - Act ive  mines by coalbed 
Coalbed 
............. 1 Homer City.  Upper F reepor t  (10 mines) ..... 
Marion. ................. 
Emil ie  .................. 
Lucerne No. 8 . .  ......... 
. . . . . . . .  Florence No. 2 . .  
... Copper Val ley No. 6. .  
. Manor No. 8 . .  . . . . . . . . . . .  
Mine 
Lucerne No. 6. . . . . .  ..... 
Lower F reepor t  ( 6  mines) ...... 
Method of 
Lower K i t t ann ing  (9  mines) .... 
development 
S h a f t  , slope.  
Do. 
Do. 
Do. 
Do. 
Do. 
D r i f t .  
Do. 
................... Jane.  
............. Aulds Run.. 
.................. Dias.. 
Ur l ing  No. 1.. .......... 
Url ing  No. 3 . .  .......... 
Lucerne No. 9 . .  ......... 
........... I . .......... Url ing  No. 2. Davis No. 3 . .  
........ Florence No. 1.. 
....... Conemaugh No. 1.. 
.............. Blackl ick.  
........... Oneida No. 4. 
.............. Penn H i l l .  
....... Chestnut Ridge... 
..... Dixon Run No. 3.... 
.................... M. Y 
S h a f t ,  s lope .  
D r i f t .  
Sha f t  , slope.  
D r i f t .  
Do. 
Sha f t  , slope.  
Do. 
Do. 
D r i f t ,  s h a f t ,  slope. 
Sha f t  , slope.  
D r i f t .  
Do. 
Do. 
Do. 
Do. 
Do. 
I Josephine ............... I Do. 
Most c o a l  product ion was from t h e  Upper Freepor t  coalbed,  followed by t h e  
Lower K i t t ann ing  and Lower F reepor t  coalbeds ( t a b l e  4).  Product ion from t h e  
10 most p roduct ive  mines i n  t h e  a r e a  ( t a b l e  5) accounted f o r  roughly 87 per -  
cen t  (7,107,879 s h o r t  tons)  of t h e  t o t a l  product ion from t h e  a r e a  i n  1976. 
The J a n e  and Lucerne No. 6 mines,  t h e  two l a r g e s t  producers  i n  t h e  a r e a ,  were 
among t h e  top 100 underground bituminous coa l  mine producers i n  t h e  United 
S t a t e s  i n  1976. The Jane  mine ranked 42d n a t i o n a l l y ,  and t h e  Lucerne No. 6 
mine ranked 57th  (24) .  - 
TABLE 4. - Product ion by coalbed. 1976 
Coalbed Shor t  tons 
Upper Freepor t  ............ 4,009,390 
............ Lower Freepor t  1,852,042 
Lower Ki t tanning  .......... 2,302,443 
Total .  . . . . . . . . . . . . . . .  8,163,875 
TABLE 5 . . Active mines and production by mine 
Most of the low- to medium-volatile bituminous coal that is surface- and 
deep-mined in the area is used for the generation of electric power . A small 
tonnage is used for coke preparation . Four generating stations. operated by 
the Pennsylvania Electric Co., are located in the area (fig . 24) . The Seward 
and Conemaugh generating stations are located along the north bank of the 
Conemaugh River in Indiana County . The Homer City generating station is 
located along Two Lick Creek in the Indiana quadrangle. and the Keystone 
powerplant is located along Crooked Creek in Armstrong County . 
METHANE ASSOCIATED WITH COALBED HORIZONS 
Rank in 
area 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
11 . 
12 . 
. 13 
14 . 
15 . 
16 . 
. 17 
18 . 
19 . 
20 . 
2 1 . 
22 . 
23 . 
24 . 
2 5 . 
Methane is present in the coalbed horizon and most commonly in the coal- 
bed itself . The gas emanates into the mine workings from the working face. 
from exposed pillars. and sometimes from overlying and underlying units . 
Although methane is nontoxic. concentrations between 5 to 15 volume-percent in 
air are explosive . Most bituminous coalbeds have a well-defined cleat system. 
so the coalbed has a fracture ,porosity and permeability that may facilitate 
methane flow or migration into surrounding lithologies or mine workings 
Coalbed 
Lower Freeport ........... 
Upper Freeport ........... 
..... do .. ................ 
..... do .................. 
Lower Kittanning ......... 
.. do ................ 
do .................. 
Upper Freeport ........... 
do .................. 
. . . . . . . . . . . . . . . . . .  do 
......... Lower Kittanning 
........... Lower Freeport 
......... Lower Kit tanning 
Lower Freeport ........... 
Lower Kittanning . . . . . . . . .  
. do ................. 
........... Lower Freeport 
Lower Kittanning ......... 
........... Upper Freeport 
. . . . . . . . .  Lower Kittanning 
........... Upper Freeport 
........... Lower Freeport 
Upper Freeport ........... 
do .................. 
Lower Freeport ........... 
- . 
Mine 
Jane ......................... 
. Lucerne No 6 ................ 
. Emilie ...................... 
. Homer City ..............,... 
. Florence No 1 ............... 
. . . . . . . . . . . . . . . . . . . .  Conemaugh No 1 
Blacklick ......................... 
....................... Marion 
Lucerne No . 8 . . . . . . . . . . . . . . . . . . . . .  
. Florence No 2 . . . . . . . . . . . . . . . . . . . .  
. ................. Oneida No 4 
.................... Aulds Run 
Josephine . . . . . . . . . . . . . . . . . . . .  
. Dias ........................ 
Penn Hill .................... 
.................... Chestnut Ridge 
. .....*........... Urling No 3 
. .............. Dixon Run No 3 
.......... . Copper Valley No 6 
. *.*...................... M Y 
• *...............*. Manor No 8 
• *...*........... Lucerne No 9 
Urling No . 2 ................. 
. Davis No 3 ....................... 
. Urling No 1 ................. 
Total ................... 
(4. - .. 8.9) . Research by the Bureau of Mines has shown that methane migration is 
governed by numerous factors: The relative concentration of the gas within 
Production. 
short tons 
1.486. 585 
1.284. 588 
909. 052 
758. 649 
735. 874 
477. 081 
462. 076 
389. 249 
315. 692 
289. 033 
252. 479 
184. 297 
137. 357 
93. 365 
83. 569 
78. 144 
77. 643 
60. 757 
45. 705 
15. 112 
11. 985 
10. 090 
5. 007 
430 
62 
8.163. 875 
t h e  coalbed, t h e  degree of water  s a t u r a t i o n ,  t he  coalbed pressure  g r a d i e n t ,  and the  
depth of cover--which inf luences  the  coalbed pressure  ( 4 ,  - - -  8-9, -- 19-21, - 28). The 
source of the  methane gas a s soc i a t ed  with bituminous coalbed horizons i s  t he  organic  
depos i t  i t s e l f ,  f o r  methane i s  generated throughout the  c o a l i f i c a t i o n  process  (8-9).  - - 
Methane i s  phys ica l ly  held wi th in  t h e  micropore s t r u c t u r e  of the  coa l  (4) and i s  n o t  
normally r e l ea sed  t o  the  atmosphere unless  t he  coalbed i s  brought t o  t h e  s u r f a c e  by 
t e c t o n i c  and/or  e ros iona l  processes.  
Me thane Emissions 
A n a t i o n a l  survey of mines and a s soc i a t ed  methane emissions f o r  1973 (17) 
showed t h a t  Indiana County ranked 10th n a t i o n a l l y  ( t a b l e  6) i n  average methane emis- 
s i o n s ,  averaging about 4 .8 MMcfd. I n  1975 (16) t he  average methane emissions had 
increased  t o  about 5.8 MMcfd f o r  Indiana county,  but t h i s  can be explained by the  
f a c t  t h a t  t h r e e  a d d i t i o n a l  mines were included i n  the  more r ecen t  survey. 
TABLE 6. - Gass ies t  count ies  i n  the  United S t a t e s  i n  1973 (17) 
-
Of t h e  25 a c t i v e  mines, 7 emit more than 100,000 cfd  of methane gas. The Jane  
mine ( t a b l e  7 ) ,  loca ted  i n  Armstrong County, i s  the  only "gassy" mine not  l oca t ed  i n  
Indiana County. Four o the r  mines i n  Indiana County t h a t  a r e  not  loca ted  wi th in  t h e  
l i m i t s  of the  s tudy a rea  a l s o  emit more than 100,000 cfd  of methane. Those mines 
and t h e i r  average d a i l y  emission r a t e s  a r e  Lancashire 24B (Lower Ki t t ann ing ) ,  
400,000 c fd ;  Greenwich Nos. 1 and 2 (Lower F reepor t ) ,  300,000 and 200,000 c f d ,  
r e spec t ive ly ;  and David (Lower Ki t t ann ing ) ,  200,000 cfd. 
Rank i n  
Nation 
1. 
2. 
3. 
4. 
5. 
6. 
7 . 
8. 
9. 
10. 
11. 
TABLE 7. - Active mines emi t t i ng  more than 100,000 cfd  of methane (16-18) 
-
County 
... Monongalia.. 
. . . . . . . . . . . .  Marion.. 
. . . . .  Buchanan.. 
..... Washington 
. . . . . . . . . . . . .  Greene. 
..... McDowell.. 
....... Cambria. 
..... Je f f e r son .  
........ Wyoming 
........ Indiana 
...... Marshall .  
Av CH, emission 
per  day, MMcf 
2.0-2.1 
S t a t e  
... West V i rg in i a . .  
......... do.. 
........ Virg in i a . .  
...... Pennsylvania 
........... do 
. . . . .  West Virg in ia  
...... Pennsylvania 
.......... Alabama. 
.... West Virginia .  
...... Pennsylvania 
.... West Virg in ia .  
Mine 
..... Homer City 
Lucerne No. 6.. 
......... Marion 
. . . . . . . . . . .  Jane 
Florence No. 1. 
Conemaugh No. 1 
Florence No. 2. 
L. F. - Lower Freeport .  
L. K. - Lower Kit tanning.  
Dai ly emissions,  
MMc f  
40.7 
23.1 
22.1 
12.4 
1 1 . 7  
11.4 
9 .8  
9.5 
6.0 
4.8 
4.8 
1 U .  F. - Upper Freeport .  
Depth, 
f e e t  
200-800 
200-800 
0-800 
100-500 
0-500 
100-500 
0-400 
Av d a i l y  pro- 
duc t ion ,  tons 
3,000 
5,600 
2,500 
7,000 
2,500 
2,200 
1.500 
Quadrangle 
..... Bolivar  
Indiana. .  ... 
B l a i r s v i l l e .  
.... Elder ton  
New Florence 
... ...... do. 
..... .. .do. .  
Coal- 
bed' 
U.F. 
U. F. 
U.F. 
L.F. 
L.K. 
L. K. 
U.F. 
Av C h  
cu f t / t o n  
721 
321 
200 
72 
80 
45 
67 
The Homer C i t y ,  Lucerne No. 6 ,  and Marion mines ( t a b l e  7) a r e  working t h e  
pper  F r e e p o r t  coalbed i n  o r  n e a r  t h e  La t robe  s y n c l i n a l  b a s i n  a t  dep ths  of 
t o  800 f e e t .  These mines emit  t h e  h i g h e s t  amount of methane p e r  day,  a r e  
t h e  d e e p e s t ,  and a r e  t h e  l a r g e s t  producers  i n  t h e  county. 
I 
( The F lorence  Nos. 1 and 2 and Conemaugh No. 1 mines a r e  working t h e  Lower K i t t a n n i n g  and Upper F r eepo r t  coa lbeds  a t  dep ths  between 0 and 500 f e e t .  
h e thane  emiss ions  from t h e s e  mines range from 100,000 t o  200,000 c f d ,  which i s  
r e l a t i v e l y  low, cons ide r i ng  t h a t  t h e  average  d a i l y  p roduc t ion  of t h e  mines i s  
1 ,500 t o  2,500 tons.  The mines a r e  somewhat sha l low and a r e  l oca t ed  i n  prox- 
i m i t y  t o  l a r g e  a r e a s  of ou tc rop  exposure;  probably a  s u b s t a n t i a l  amount of 
methane gas has  been d r a ined  n a t u r a l l y  from t h e  ou t c rop ,  caus ing  t h e  low meth- 
a n e  emiss ions .  None of  t h e  o t h e r  a c t i v e  mines i n  t h e  a r e a  have methane con- 
t r o l  problems, owing t o  t h e i r  p rox imi ty  t o  t h e  ou tc rop ,  shal low cover ,  and 
lower p roduc t ion  r a t e s .  
Direct-Method Tes t s  
The methane c o n t e n t  of t h r e e  samples of t h e  Lower K i t t ann ing  coalbed 
t aken  from v e r t i c a l  e x p l o r a t o r y  co re  h o l e s  i n  o r  n e a r  t h e  s tudy  a r e a  was e s t i -  
mated u t i l i z i n g  t h e  d i r e c t  method (23) .  The h o l e s  l o c a t e d  w i t h i n  t h e  s tudy  
a r e a  have been de s igna t ed  a s  h o l e s  r a n d  2  ( t a b l e  8 ) ;  t h e s e  h o l e s  a r e  l o c a t e d  
on t h e  da t a -po in t  ba se  map ( f i g .  3 ) .  Hole 1 i s  s i t u a t e d  between t h e  Chestnut  
Ridge a n t i c l i n e  and La t robe  s y n c l i n e ,  about  1 m i l e  west of t h e  a x i s  o f  Chest-  
n u t  Ridge and 1 t o  2  mi l e s  from t h e  ou tc rop  l i n e  o f  t h e  coalbed,  i n  t h e  
Bo l iva r  quadrangle .  Hole 2  i s  s i t u a t e d  i n  t h e  b a s i n  of t h e  La t robe  s y n c l i n e  
about  0 . 5  m i l e  west of t h e  a x i s  o f  t h e  s t r u c t u r e ,  i n  t h e  B l a i r s v i l l e  quad- 
rang le .  Hole 3  i s  l o c a t e d  4  mi l e s  west of t h e  s t udy  a r e a  i n  t h e  Avonmore 
quadrangle  ( d i r e c t l y  west  of t h e  McIntyre quadrangle ) ,  about  0 . 5  m i l e  e a s t  of 
t h e  a x i s  of t h e  Roar ing Run a n t i c l i n e .  
TABLE 8. - Direct-method t e s t  r e s u l t s  f o r  t h r e e  co r e  samples 
of t h e  Lower K i t t ann ing  coalbed 
Hole 
1 
2 
Depth of 
coa lbed ,  
f e e t  
620- 623 
Quadrangle  and 
h o l e  l o c a t i o n  
Bo l iva r ;  1 m i l e  west of 
t h e  a x i s  of t h e  Chestnut  
Ridge a n t i c l i n e .  
3 
I 
Coal 
t h i c k n e s s ,  
i nches  
36 
B l a i r s v i l l e ;  0 .5  m i l e  
wes t  o f  t h e  a x i s  o f  t h e  
La t robe  sync l ine .  
1 ~ h i s  i s  t h e  h i g h e s t  methane con t en t  eve r  measured i n  a Pennsylvania  coalbed. 
Avonrnore; 0 .5  m i l e  e a s t  of 
t h e  a x i s  of t h e  Roar ing 
Run a n t i c l i n e  ( 4  mi l e s  
west  of t h e  s t udy  a r e a ) .  
1,057-1,060 
Gas con t en t  
o f  sample,  
cu cm/g 
. 8  
323- 327 
P ro j ec t ed  
gas c o n t e n t ,  
cu f t / t o n  
27 
48 . 5  16 
As can be seen on the overburden isopach (fig. 25), the interval from the 
Kittanning coalbed to the Upper Freeport coalbed is more than 1,000 feet deep 
in parts of the Latrobe synclinal basin. Three of the lfgassiestU mines in the 
area are working the Upper Freeport coalbed in or near this basin at depths 
between 0 and 800 feet. The Lower Kittanning coalbed is essentially unmined 
in this basin. The relatively high methane emissions in the active mines 
working in the basin and the results of the direct-method test on the core of 
the Lower Kittanning from the basin indicate that methane control problems 
will be encountered in future workings in the Lower Kittanning coalbed. More 
direct-method tests should be conducted in the basin so that the methane con- 
tent of the virgin field can be more accurately estimated. The range of over- 
burden above the Lower Kittanning coalbed for each quadrangle in the study 
area is shown in table 9. The overburden above the Upper Freeport coalbed can 
be estimated from this table by subtracting 200 feet from the overburden fig- 
ures for the Lower Kittanning coalbed. 
TABLE 9. - Range of overburden above the Lower Kittanning coalbed 
for each quadrangle in study area 
Quadrangle 
Elderton ..................... 
...................... Ernest. 
Clymer .....................,, 
McIntyre. .................,., 
. . . . . . . . . . . . . . . . . . . . .  Indiana. 
Brush Valley.. ............... 
Blairsville... ............... 
Bolivar ...................... 
................ New Florence. 
Range of overburden, 
feet 
400- 800 
200- 800 
0- 800 
200- 800 
0- 800 
0- 600 
200-1,200 
Structures 
Roaring Run anticline. 
Dutch Run anticline. 
Elders Ridge syncline. 
McKee Run anticline. 
Richmond anticline. 
Chestnut Ridge anticline. 
Elders Ridge syncline. 
Jacksonville anticline. 
Latrobe syncline. 
Chestnut Ridge anticline. 
Chestnut Ridge anticline. 
Brush Valley syncline. 
Jacksonville anticline. 
Greensburg syncline. 
Fayette anticline. 
Latrobe syncline. 
Latrobe syncline. 
Chestnut Ridge anticline. 
Chestnut Ridge anticline. 
Brush Valley syncline. 
Nolo anticline. 
Ligonier syncline. 
m l t O 2 0 0 f t  ~ 6 O l t 0 8 0 0 f t  
m 2 0 1  t o 4 0 0 f t  801 t o  l,OOOfl Scale, f t  
m 4 0 1  1 0 6 0 0 f t  >1,00Oft 
~ O L K - o u t c r o p - ~ o w e r  Kittanning 
coalbed 
FIGURE 25. - Overburden isopach of the strata above the Lower Kittanning 
coal bed. 
CONCLUSIONS 
1. In the study area, the seven mines with the highest methane emissions 
per day are generally the deepest and largest producers, The mines that have 
low methane emissions are small drift mines working under shallow cover and 
have relatively low production rates. Methane emission data from the three 
mines working the Upper Freeport coalbed near the Latrobe synclinal basin and 
the results of the direct-method test conducted on a core of the Lower Kittan- 
ning coalbed taken from that basin suggest that methane control problems will 
be encountered in future workings in the Lower Kittanning coalbed in that 
basin. 
2. Of the five coalbed horizons that occur in the Freeport and Kittan- 
ning Formations, only the Upper and Lower Freeport and the Lower Kittanning 
are of economic importance. Underground and surface mining of these coalbeds 
occurs in areas possessing minable thicknesses that are greater than 28 inches 
in thickness and that are generally greater than 200 acres inarea. The character 
and quality of the coal contained in the Upper and Middle Kittanning and Lower 
Kittanning "rider" horizons are not conducive to either small- or large-scale 
development. Local and regional variation in coal thickness is the norm for 
the Freeport and Kittanning coalbeds, and is the consequence of depositional 
controls exerted in the deltaic environment. 
3. Complex rock joint systems occur in each quadrangle in the study area 
and roughly correspond to three fundamental joint systems. The orientation of 
coal cleat in the friable Freeport and Kittanning coalbeds is structurally 
controlled. Primary face and butt cleat orientations differ regionally, which 
is explained by examining regional variations in structural trends. The Lower 
Kittanning coalbed possesses a complex cleat system locally throughout the New 
Florence quadrangle, owing to anomalous behavior of structural trends in the 
quadrangle. 
4. Structural and depositional discontinuities have affected mining and 
development in the economically important coalbeds. To date, 10 separate 
thrust faults have been reported. When such faults are encountered under- 
ground, poor roof conditions can be associated with these features. Deposi- 
tional discontinuities such as distributary channel systems, regional and 
ldcal variations of coal thickness, and coalbed splitting or parting affect 
mine planning, development, and coal production. A northeast-southwest- 
trending strike fault zone along the eastern flank of Chestnut Ridge affects 
the section from at least the Lower Mississippian Loyalhanna Limestone to the 
Upper Allegheny Upper Freeport coalbed, an interval of about 500 feet. 
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